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Foreword

A Coming of Age: Geospatial Analysis and Modelling in the Early

Twenty First Century

Forty years ago when spatial analysis first emerged as a distinct theme within

geography’s quantitative revolution, the focus was largely on consistent

methods for measuring spatial correlation. The concept of spatial auto-

correlation took pride of place, mirroring concerns in time-series analysis

about similar kinds of dependence known to distort the standard probability

theory used to derive appropriate statistics. Early applications of spatial

correlation tended to reflect geographical patterns expressed as points. The

perspective taken on such analytical thinking was founded on induction, the

search for pattern in data with a view to suggesting appropriate hypotheses

which could subsequently be tested. In parallel but using very different

techniques came the development of a more deductive style of analysis based

on modelling and thence simulation. Here the focus was on translating prior

theory into forms for generating testable predictions whose outcomes could be

compared with observations about some system or phenomenon of interest.
In the intervening years, spatial analysis has broadened to embrace both

inductive and deductive approaches, often combining both in different mixes

for the variety of problems to which it is now applied. Moreover, the focus has

become more explicitly geographical although the term spatial still has a wider

usage for many of the statistics and models that form the arsenal of techniques

in this area are applicable to spatial systems other than the obvious geographies –

such as ecologies, climatic regimes, and even astronomies. In this collection of

papers, however, the authors use the term ‘‘geospatial’’ to ground their systems of

interest geographical conceptions of cities and regions, but they also show how

many of the advances over the last 40 years are now part of the background

knowledge that constitutes this field. In fact, the concerns here are with major

extensions of analysis and modelling which reflect new themes in geographical

thinking that are resulting from changes in our perceptions of city systems. These

are largely due to demographic, technological and behavioural change which are

driving new problems and the need for new methods, as well as the enormous
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changes that have taken place in our ability to collect, process and visualise digital
data.

The way the editors have put together these chapters which are drawn from a
wide and active community of scholars, reflects these concerns. The themes
developed are based on newways of data capture leading to data analysis orders
of magnitude larger than anything hitherto in this field and at even finer scales,
new ideas about the intrinsic complexity of the systems that we are dealing with
and the limits to prediction, agent-based models of how individuals move and
perceive their environments which are reflected in new ideas about
transportation systems and new idea about measuring nearness in terms of
accessibility, and new ways of incorporating time and dynamics in our
models. The treatment is set of course against a background where the media
for analysis and modelling is ever more visual and is fast moving from the
desktop to the web and thence into real time contexts, unimaginable even when
computers had become all pervasive by the mid 1990s.

It is worth elaborating several of these themes which emerge from the various
chapters as they illustrate how standard theory and analysis is being
supplemented by new ideas. Omer for example, shows how the long standing
problem of spatial aggregation, often referred to as the ‘‘ecological fallacy’’ or
the ‘‘modifiable aerial unit problem’’ influences and distorts our interpretation
of the way space divides up, in his case residential segregation in the Israel town
of Jaffa. His work blends issues about perception with the resolution at which
the analysis takes place. Kostakos tackles the perception problem in a different
way, building on movement patterns at an equally fine scale, involving the
methods of space syntax, but showing how new technologies based on data
capture using mobile phones can enrich our entire understanding of local space
and its analysis. In some senses, these first two papers in the book point
directions to a world of immensely rich data that analysts in this field will
have to grapple with in the very near future, and the techniques developed are
amongst the first rudimentary tools that will be needed as this new world
enfolds. These are given real substance in the chapter by Laube and his
colleagues where the notion of decentralised spatial computing in real time
environments is demonstrated with respect to accessing location-based
services that depend on high quality mapping databases.

A second theme dominating our thinking about city systems involves their
complexity. Cities like most human systems can be understood on many levels
and although it sounds extreme, every individual will perceive this complexity
differently. This is in and of itself the very definition of what complexity means.
Nevertheless, progress is being made in mapping structures of complexity, and
in the last decade, network science has been revived to make sense of such
structures through notions of hierarchy and scaling. Blumenfeld–Lieberthal
and Portugali develop a simple but effective agent-based network model of
city growth that generates the classic scaling of city sizes that mirrors Zipf’s
well-known rank size rule while Chen takes a different perspective, embedding
fractal scaling of city sizes into Christaller-like central place hierarchical
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structures. This again demonstrates a really nice feature of this book where
many of the authors illustrate that the current frontier is built on the older
foundations of spatial analysis and location theory, notwithstanding the
massive variety that now characterise developments in this and similar fields.

The editors here draw a fine line between methodological and domain-based
knowledge and this is nowhere clearer than in the general area of transportation
analysis and modelling. Network structures, agent-based models, and real-time
allocation in terms of location-based services are developed for a series of
different transportation examples. Martens and colleagues develop a very
innovative agent-based model for parking in real-time contexts using a car-
following allocation scheme. Chaker, Moulin and Theriault develop a much
larger scale application for simulating travel activities and set this in a virtual
urban environment. Omer and Jiang examine segregation in street networks,
again for the town of Jaffa using Atkin’s Q-analysis which reflects a bipartite
topological network approach providing an alternative and different view of
residential segregation. Lu and her colleagues examine the perceptions of levels
of transport service in Beijing from survey data while Mandloi and Thill extend
their analysis of transport networks from the street to the building, illustrating
how routing problems need to be considered across many scales. In all these
chapters, resolution, scale, networks and cognition figure strongly, impressing
once again the importance of the new themes generated in these various
contributions.

The other profound change in this field has been the widespread
underpinning of spatial analysis with GIS and remote sensing. Many of the
chapters here use GIS as an enabling technology but GIS continues to have a
major effect on the types of models and analytical techniques that are being
developed. Combined with the continuing focus on urban growth, particularly
in the developing world, various models have been developed which are closely
linked to GIS and to the simulation of land use change, often supported by data
that is sensed remotely. This domain of applications blends cellular automata
with pattern analysis, often originating from ecology as Chen and her
colleagues demonstrate for Greater Toronto. Integrating these styles of
analysis and simulation is another important area of research as Yang
illustrates in an analysis of growth in the Atlanta metro area. Research of
considerable importance that is likely to see many more applications in the
next decade as climate change becomes ever more significant are simulations of
the urban water cycle as presented by Shepherd and his team. In examining
urban change, techniques for smoothing spatial data are important in deriving
consistent interpretations as Varanka shows, while embedding all these kinds of
growth process in more formal space-time frameworks with appropriate
ontologies is addressed by Yao.

Most of the contributions collected here have obvious policy relevance and
some directly link analysis and modelling to policy questions. Urban
complexity and form are issues addressed by Pagliardini and his colleagues
who develop the ‘‘city as organism’’ argument in a spirited essay on what they

Foreword vii



call ‘‘urban seeding’’, which they argue represents a much more careful and less
intrusive paradigm for urban planning and design than anything adopted
hitherto. Besides urban form, spatial differences in disease and treatment
increasingly occupy an important place in spatial analysis and Mu, Wang and
McLafferty illustrate how important spatial relations, adjacencies and
correlations are to the interpretation of cancers at different spatial scales,
once again involving issues involving aggregation. Accessibility issues and the
relationship to prices are crucial to questions of housing market provision and
efficiency with Hwang and Thill providing an excellent demonstration of how
careful spatial econometrics can be used to unravel complex effects. Efficiency
versus equity are issues that Horner and Widener examine spatially in the
provision of disaster relief while methods of aggregation, geographical
weighting, and locality are explored by Wheeler in a visual analysis of spatial
pattern, providing essential diagnostics for both interpretation and the
construction of spatial policies.

The contributions in this book present an excellent profile of the state of
geospatial analysis and modelling after the first decade of work in the twenty
first century. Compared to 10 years ago, there are now some really explicit
drivers to this field which are picked up and exploited here. Amongst the many
origins and themes, new ways of capturing data digitally at the individual level,
the development of systems based around networks (of which spatial locations
are a subset), the notion of linking hierarchy to networks to morphology as in
complexity theory, and the development of new ways of integrating diverse
urban processes through simulation paying careful attention to the basic
econometric and statistical principles of spatial analysis, are all represented
here. Jiang and Yao do a great job in both selecting a comprehensive range of
papers while at the same time, emphasising these key themes. Readers will enjoy
what follows and the book will provide both a pointer to the field and an
inspiration for further research.

London Michael Batty
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